Introduction
Central to the hypothesis for the transition into adulthood of the female sheep is that there is a decrease in responsiveness to oestradiol inhibition of tonic LH secretion (Foster, Yellon & Olster, 1985) . We have proposed that this allows concentrations of circulating LH to increase in order to drive follicular oestradiol production to levels that trigger the first LH surge. Evidence for the functional importance of the decrease in feedback response during sexual maturation in the sheep has been derived from observations relating to ovary-intact lambs and oestradiol-treated, ovariec¬ tomized lambs. In the intact lamb, an increase in tonic LH secretion precedes the initial LH surge, but because this is due to an increase in LH pulse frequency (Huffman & Goodman, 1985) , the rise in LH baseline is difficult to demonstrate when blood samples are collected infrequently (Ryan & Foster, 1978; Foster & Ryan, 1979a) . The oestradiol-treated, ovariectomized lamb has been used for studies of maturational changes in response to oestradiol negative feedback; a constant, low level of circulating oestradiol (Silastic implant) is more effective in suppressing tonic LH secretion before the age of first ovulation than afterward (Foster & Ryan, 1979a; Foster, 1981; . In an attempt to examine relationships between developmental changes in oestradiol feedback inhibition of LH secretion ('neuroendocrine puberty') and onset of reproductive cycles ('ovarian (Foster & Ryan, 1979a; Foster, 1981; Foster, Ryan & Papkoff, 1984 Dow-Corning, Midland, MI) containing a packed, 13-mm long column of the crystalline steroid. The capsules, designed to produce blood levels of 1-3 pg oestradiol/ml (Foster & Ryan, 1979a; Foster, 1984) , were incubated in tap water for 35 h (water changed at 1 and 24 h) and then in ethanol for 20-60 min before insertion. Nine of the 14 oestradiol-treated lambs received no further treatment, and they were used as the primary experi¬ mental group to determine the temporal relationship between the decrease in oestradiol inhibition of LH secretion and onset of reproductive cycles within the same individual. The other 5 oestradioltreated lambs were used to assess the time of the pubertal decrease in response to oestradiol inhibitory feedback regulation of LH secretion in the absence of endogenous ovarian steroids; at the time of oestradiol implantation (20 weeks of age), they were bilaterally ovariectomized under pentobarbitone sodium anaesthesia (400 mg/ml) through a midventral incision. The remaining 14 lambs served as intact controls to determine the time of onset of reproductive cycles in the absence of any steroid treatment. Blood samples (3-8 ml) were collected by jugular venepuncture and were stored at 4°C for 24 h before centrifugation. Serum was harvested and then stored frozen until assayed for LH and progesterone.
Determination of the onset of reproductive cycles was based primarily upon the initiation of oestrous behaviour and its subsequent occurrence at intervals of 15-17 days. Behavioural oestrus was ascertained by observation of females at least daily, as well as by recording paint marks on their hindquarters placed by the vasectomized males with painted briskets. The presence or absence ofluteal function in late November was verified by measurement of serum progesterone in four blood samples obtained at intervals of 3 days. In oestradiol-treated lambs, serum LH was determined at 4-5-day intervals. Hormone measurements were discontinued at 38 weeks of age (4 December) when it was determined that puberty in oestradiol-treated, intact lambs was delayed. Records of oestrus were maintained until 1 February when the first breeding season ended in untreated lambs. Experiment 2. This study was conducted to determine whether oestradiol suppresses LH secretion before puberty by reducing LH pulse frequency or amplitude. Five Suffolk lambs born on 8 April ( + 1 day) were raised in a photoperiod sequence known to induce puberty and described in detail elsewhere , i.e. 9 h light: 15 h dark (9L:15D) daily except for 17-22 weeks of age when exposed to 15L:9D. Their rearing and other details of surgery were similar to those described in Exp. 1. They were ovariectomized at 10 weeks of age. At 12 weeks of age, blood samples (3 ml) were collected by jugular venepuncture at 12-min intervals for 6 h (10:00-16:00 h). A preincubated oestradiol-containing Silastic capsule was inserted s.c. after the last frequent blood sample, and the next day, beginning at 10:00 h, blood samples were again collected at 12-min intervals for 6 h. LH concentrations were measured in the serum.
Assays. Concentrations of LH were measured in duplicate 200 pi volumes of serum by modifi¬ cation (Hauger, Karsch & Foster, 1977) (Foster, Lemons, Jaffe & Niswender, 1975) of the radioimmunoassay described by Niswender (1973) ; the lower limit of detection was 0-20 ng/ml.
Results

Experiment 1
Treatment with exogenous oestradiol, beginning at 20 weeks of age, suppressed LH to undetectable concentrations in ovariectomized lambs (Fig. lb) and in ovary-intact lambs (Fig. lc) . In both groups, circulating LH remained at low concentrations for several weeks. Thereafter, serum LH rose progressively, reflecting a decrease in response to oestradiol inhibitory feedback. In oestradioltreated, ovariectomized females, LH rose to, and was maintained at, concentrations of > 10 ng/ml, whereas in oestradiol-treated intact lambs LH values generally remained at about half that concentration for several weeks. Moreover, at 38 weeks (last sample collected) LH decreased in these intact females.
In oestradiol-treated ovariectomized lambs, the decrease in response to steroid feedback inhibi¬ tion exhibited a close temporal relationship to the initiation of puberty in untreated intact lambs. Serum LH rose above 1 ng/ml in oestradiol-treated ovariectomized lambs at 30 ± 1 weeks (Fig.  lb) . First oestrus in intact lambs occurred at 34 + 1 weeks of age (mean + s.e.m., 11 of 14 lambs; Fig. la) , an estimated 1-3 weeks after first ovulation (31-33 weeks of age; see Foster & Ryan, 1979b , for timing of'silent' ovulation); the other 3 lambs did not exhibit oestrous behaviour by the end of the study (1 February). In oestradiol-treated intact lambs, the beginning of the LH rise was 32 + 1 weeks ( Fig. lc; LH >1 ng/ml). Only 3 of 9 oestradiol-treated intact lambs exhibited oestrus and luteal-phase levels of progesterone during the course of the study. For these females, the average age at first oestrus was 37 ± 1 weeks (Fig. lc) . The age (33 + 1 weeks) when LH began to rise ( >1 ng/ml) in oestradiol-treated intact lambs that did not begin reproductive cycles was similar to that (31 + 1 weeks) for those which did. Finally, the low percentage of oestradiol-treated lambs attaining puberty (33%) compared to untreated lambs (80%) was not due to differences in rate of growth; the average body weights of the two groups at 35 weeks of age, for example, were 39 + 2 kg (N = 9) and 40 ± 2 kg (N = 14), respectively.
Experiment 2
In 12-week-old ovariectomized lambs, LH pulse frequency was high, the interpulse interval averaging 66 + 7 min (mean + s.e.m., = 5) (Fig. 2) , for review). The close temporal relationship between the increase in circulating LH in ovariectomized lambs chronically treated with oestradiol and the onset of reproductive cycles in ovary-intact lambs supports this view (Fig. 1) . In the present study ovary-intact lambs were treated with low physiological quantities of oestradiol. As in the anoestrous ewe (Goodman, Bittman, Foster & Karsch, 1982) , exogenous oestradiol slows LH pulse frequency in the prepubertal female lamb (Fig. 2) . We reasoned that elimination of the low-frequency, high-amplitude LH pulses typical of the immature female (Foster et al., 1975) would more easily reveal the pubertal onset of high frequency LH pulses (Huffman & Goodman, 1985) characteristic of the follicular phase of the oestrous cycle (Foster et ai, 1975; Baird, 1978; Karsch, Foster, Bittman & Goodman, 1983) . The latter pattern is postulated to occur during puberty, partly in response to the decrease in sensitivity to oestradiol negative feedback (Echternkamp & Lunstra, 1984) . Perhaps the low-frequency, high-amplitude LH pulses in the female lamb, which were eliminated by exogenous oestradiol for 9 weeks (20-29 weeks of age) during the prepubertal period, are necessary for ovarian development. On the other hand, perhaps the infrequent endogenous LH pulses that occur in the late prepubertal period (after 20 weeks of age) are only necessary to maintain an already developed ovary in a receptive state for the impending pubertal increase in LH pulse frequency that may occur anytime between 25 and 35 weeks of age (Foster & Ryan, 1979a) . This latter postulate is more likely. By 20 weeks the ovary of the lamb may be relatively mature because at this age, administration of low doses of purified LH will result in follicular development and ovulation . Thus, if a decrease in sensitivity of LH to the negative feedback of oestradiol were to occur at 20 weeks or after, the consequent rise in gonadotrophin should normally stimulate follicular growth and initiate reproductive cycles. It is clear from the current study, however, that low level oestradiol treatment delayed or eliminated the ability of the ovary to begin normal cyclic function in response to the increment in gonadotrophins that occurred during the pubertal period. The high LH concentrations were not sustained, and they appeared to decline after 35 weeks of age. Whether this reflected greater oestradiol production by the ovary, small amounts of progesterone from a luteinized follicle or even defective corpora lutea cannot be determined from the present study in which sexual receptivity was used as the main index of puberty.
Regardless of which of the foregoing explanations hold (ovarian development or maintenance), it will be necessary to determine whether the oestradiol-induced delay puberty stems from selective LH inhibition or to general hypogonadotrophism that involves reduced FSH concentrations. Circulating FSH was not measured in the present study because serum samples were discarded prematurely. It is possible that significant quantities of FSH may yet remain in the circulation if the effects of the exogenous steroid are the same as those in the anoestrous ewe, another physiological state characterized by hypersensitivity to steroid inhibitory feedback. In the ovariectomized ewe during the anoestrous season, similar blood levels of exogenous oestradiol to those used in the present study readily suppressed LH to undetectable concentrations, while at the same time circulating FSH was not depressed below levels typical of those found in the ovary-intact female (Legan & Karsch, 1980) . Finally, it may be argued that exposure to chronically elevated concentrations of exogenous oestradiol would directly alter ovarian development or function. The validity of this explanation remains to be determined in view of the fact that, in our model, the site of oestradiol administration (s.c.) was far removed from the ovary, and the ovary would therefore have been exposed to only very low circulating quantities of the exogenous steroid (~l-3 pg/ml). 
